Introduction
The sulfur atom in dibenzothiophene (1) offers both n-type and jr-type donor sites. However, on the basis of magnetic measurem ents for solutions of 1 with Lewis acids, no param agnetic species were de tected. This result was taken as proof that 1 behaves as a .T-donor towards jr-acceptors [1, 2) .
In a study of the CT-donor abilities of o,o'-bridged biphenyls towards some jr-electron acceptors it has furtherm ore been found that 1 is a better donor than its hydrocarbon analogue, phenanthrene [3] .
In continuation of our studies on the interesting complexing properties of cyclophanes we wish to re port in the present investigation the CT complexation between two newly synthesized polynuclear- [2.2] paracyclophanes (4, 5) and their sulfur analo gues (6 , 7) ( Fig. 1 ) with some jr-acceptors such as D D Q , TCNE and DTF. The aim of our investigation was i) to establish the nature of the CT interactions in the expected CT complexes, as well as the spatial arrangem ent of the latter; ii) to see w hether the poly nuclear sulfur derivatives 6 and 7 possess a higher basic character than their hydrocarbon analogues 4 and 5; iii) to investigate the effect of the ethanobridges and the attached benzene ring on the elec tron releasing properties of the polynuclear part of complex preferentially with the jr-acceptors, through a comparison with their model compounds, 3,4-benzanthrene (2) and chrysene (3); and finally iv) to see w hether the shift of the electron density from the donor towards the acceptor molecules can be infer red from the infrared and *H NMR spectra of the appropriate CT complexes.
Experimental and Physical Measurements
The cyclophanes 4-7 were prepared by photo chemical ring closure of the appropriate stilbenophanes according to a published procedure [4] , The syntheses and spectroscopic properties of these novel aromatic compounds will be published else where [5] .
Tetracyanoethylene (Janssen Chimica, Belgium) was recrystallized from chlorobenzene. 2,3-Dichloro-5,6-dicyanobenzoquinone (Janssen Chimica, Bel gium) was recrystallized from benzene-chloroform (2:3).
9-Dicyanomethylene-2,4,7-trinitrofluorene was prepared from 2,4,7-trinitrofluorenone (Aldrich) and malononitrile according to literature [6 ] .
Methylene chloride (Merck) was dried over phosphorus pentoxide and distilled following Organicum [7] .
Association constant (K) and molar extinction coefficient (e) of the CT complexes have been deter mined by utilizing the Rose-Drago equation [8 , 9] :
where CD and CA are the initial concentrations of donor and acceptor respectively, f A is the molar ab-sorbance of the acceptor, dA is the absorbance of the initial concentration of the acceptor, and d corre sponds to the total absorbance at any given wavelength for a cell of 1 . 0 cm path length. Optical density measurem ents of solutions con taining a constant concentration of acceptor (2x 10"-' M) and varying excess donor concentrations (1-8 x l 0 -2 M) were made at 20 °C using a Beckman UV 5230 recording spectrophotom eter. All m eas urements were made immediately after mixing the components in 5 ml stoppered silica cells. All scans covered the range from 350 to 800 nm. The effect of tem perature on the absorbance of some CT com plexes was perform ed on a Perkin-Elm er 554 spec trophotom eter with therm ostated holder.
The 'H NM R spectra of some donors and their corresponding CT complexes were determ ined by us ing equimolar quantities of donors and acceptors in C D C I3 with tetram ethylsilane as internal standard and recorded on a Bruker WM-300 (300 MHz) spec trom eter.
The infrared spectra of the solid CT complexes were m easured in KBr and recorded on a PerkinElmer 157 G spectrom eter.
Results and Discussion
In all systems studied CT bands characteristic of 1:1 complex were observed. The stoichiometry of the CT complexes were determ ined by Jo b 's method of continuous variation [10] , The absorption maxima in the visible spectra (Table I) In a spectroscopic investigation of the CT com plexes of phenanthrene and its sulfur analog, dibenzothiophene (1), with some jr-acceptors, M ukherjee indicated that 1 is a stronger electron donor than phenanthrene [3] . Similarly, the donor abilities of both polynuclear hydrocarbons 4 and 5 should be weaker than their sulfur analogues 6 and 7, respec tively. To our surprise, a comparison of the associa tion constants obtained for the CT complexes of donors 4-7 with the various jr-acceptors, together with their wavelengths of maximum absorption re veals that the hydrocarbons 4 and 5 exert a higher donor character than their sulfur analogues 6 and 7, respectively. Evidently, there is a greater overall jr-electron delocalization in the hydrocarbons 4 and 5 than in the corresponding sulfur derivatives 6 and 7.
On the basis of electron affinity (EA) and ioniza tion potential (i.p.) values of 3,4-benzanthrene (2) (EA = -0.14; i.p. = 7.88 eV) and chrysene (3) (E A = 0.04; i.p. = 7.70 eV) [11, 12] which may serve as model compounds for hydrocarbons 4 and 5, respectively, it can be concluded that the donor 4 should have lower EA and higher i.p. values and consequently lower base strength than its isomer 5. M oreover, the close vicinity between H a (Fig. 1) and hydrogen atoms of the ethanobridge of 4 very likely results in deviation of the polynuclear part from pla narity. A decrease in the donor ability of 4 is hence predicted. However, as can be seen in Table I , from the values of Amax and K. the electron donor 5 turns out to be the poorer electron donor. A plausible in terpretation of these anomalies may be derived from the suggested geometrical structure of the CT com plexes of 4 and 5. It is worth noting that in the CT complexation each donor and acceptor pair will ap proach each other in such a fashion as to reach a maximum CT interaction. As illustrated in Fig. 2 , the CT complexes of 5 with D D Q and DTF are sterically more hindered than both the 4-D D Q and 4-DTF complexes and hence the former CT complexes will be weaker than the latter. In addition it may be con cluded that the effect of the ethanobridge on the planarity of the polynuclear part of the donor 4 is not extremely strong. The same interpretation is also valid in case of the sulfur analogues 6 and 7.
The size of both donor and acceptor components play an im portant role in the stability of the CT com plex form ed. For example, the polynitroaromatic compounds are most effective as acceptors towards aromatic hydrocarbons only when both donor and acceptor are of comparable size, so that a maximum degree of overlap is reached [13] . The absorption of the CT complexes of 4 and 6 with DTF at longer wavelengths relative to those of the same donors with TCNE in spite of the low EA of DTF relative to TCNE further support this results (Table I) . This is most likely due to the approximate comparable sizes of DTF and the polynuclear part of the donor. The data in Table I show also that the greater EA of D D Q than that of TCNE [ 14] accounts for the higher stability of the DDQ-complexes. The nature of both the donor orbitals (n or jr), and the acceptor orbitals seem to affect the stabili ty of the CT complex significantly. Obviously, the CT interaction of the hydrocarbons 4 and 5 with the ^-acceptors studied is n to jr-type. On the other hand, referring to the data in Table I , the values of K for CT complexes of 6 and 7 with the jr-acceptors make it difficult to decide whether the donating orbi tal is an n or jr-orbital. It could also well be a mixture of n-n and n -n transitions based on the relatively low K values for the CT complexes of 6 and 7 relative to those of 4 and 5, the existence of an extended delocalizing jr-system and finally the strong n charac ter of the sulfur atom [15, 16] .
According to Mulliken the transition dipole mo ment of the CT complex /n should be directly propor tional to the stability of the CT complex [17, 18] . The intensity ju is related to the oscillator strength f by the equation;
where vmax is the frequency of the CT maxima in cm-1. The values of ju and f of the CT complexes studied listed in Table I are computed from two ap proxim ated equation [19, 20] , O ur results do not confirm the predicted relationship of Mulliken.
The 'H NM R spectra of the CT complexes be tween the donors [4, 5] and TCNE were measured in deuterated chloroform and the chemical shift of the aromatic protons for the free donors and their com plexes are given in Table II. The data in this Table  reveal a downfield chemical shift of the arom atic pro tons in the CT complexes. This can be attributed to the deshielding effect arising from the decrease of the electron density on the aromatic rings of the donor. Furtherm ore, the aromatic protons in the polynuclear part of the electron donor, which is mainly complexed with TCNE, are shifted downfield more than those of the other, parallel benzene ring. This clearly indicates that the complexed part of the donor is more affected by the acceptor than the "free" part. The decrease of electron density of the donor molecule and the increase on the acceptor upon CT complexation are also confirmed by the infrared spectra of some CT complexes. The infrared spectra of some solid complexes were measured in potassium bromide and the data are summarized in Table III . These data reveal that on CT complexation the bands of the cyano groups in DD Q disappear, and the other bands of the acceptors are shifted to shorter w avenumbers, whereas the vCH of the donors are shifted to higher values. This behaviour is charac teristic of 7 i -7 i interactions [21, 22] , Fig. 3 represents the effect of tem perature on the CT complexes of the donors 4-7 with TCNE. A ppa rently, inversed linear relationships between the tem perature and the absorbance of the CT complex occur. That is to say, increasing the tem perature re sults in a decrease of the absorbance. However, on decreasing the tem perature again, the original ab sorbance values restored with no significant change. The high stability of these CT complexes can be in ferred from the fact that at the relatively high tem perature (35 °C) the broad shape of the CT band is still unchanged.
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